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R. PRIESTtEY's difcovery of the metliod"'of detei^ 
mining thp degree of phlogifticatioii of air by means 
of nitrous air^. hasoccafioned many ipftruments to be contriwd 
for the raore certain and commodious perfdrmance of this ex-^ 
geriment ; but that inyented by the Abbe font an a is by much 
t^ite moft accumte of any hitherto publiftied. There are many 
ingenious contrivances iii his appgratug fbrobi^kting the fmaller 
errors whiph this experiment is liable to ^ but the great im^ 
provement confifts in this, that as the tube is long and narrow^ 
and the orifice of the funnel not much lefs than the bore of 
the tube, and the meafure is m^de fo as tq deliver its contents 
very quifk, the air rifes flowly up the tube in oxie continued 
c;:plumn ; fOvthgt: therg is. time to take t|ie tube off the funnel^ 
and to {hake it before the airacomie quite iii conta(5b^ by which 
means the diminution is. much greater and much morf certain, 
than it wouldf other wile be. Kor inftance, if equal meafiires 
Qf nitrous and^CQuamon air ai'e mixed in this manner, the.bulk 
of the n^ixtui;e wilj, i|i. general^ be about one meafure; 
whereas, if the airs are fufFered to remain in contaft about 
Qne-foi:irt|]i of a, minute before they are fhaken, the bulk of 
S|ie mixture will be hardly lefs than one meafure and two- 
lifnths, and will be very different according as it is fuffered to 
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remaki a little more or a little lefs time before it is fhnkeii. Iti 
like mdiiner, if through any fa\ilt in the appamtiis, the air 
rifes in bubbles, as in that cafe it Is almoft impoffible to fhako 
the tube foon enough, the 4imiinit!on is iefs than it ought 
to be* 

Another great advantage in this manner of mixing is, that 
therebj the mixture r^eives its full diminution in the fhort 
time during which it is fhaken, and is not fenfibly altered in 
bulk after that j whereas, if the airs are fuffered to remain 
fome time iti coirta£l: before thej are fhaken, they will continue 
^diminifhing for many hours. 

The reafon of the abovementioned differences feems to be^ 
that in the Abbe font ana's method the water is fhaken brifkly 
•\ip and down in the tube while the airs are mixing, whereby 
each fmall portion of the nitrous air muft be in conta^ with 
Water, either at the inftant it mixes with the common air, of 
at leaft immediately after ; and it fhould feem, that when the 
airs are in contaCt with water during the mixing, the dimiilu^ 
tion is much greater and more certain than when there is n<^ 
water ready to abforb the nitrous acid produced by the mix* 
ture. This induced rhe to try whether the diminution would 
not be ftill more certain and regular if one of the two kinds of 
air was added flo%vly to the other in fmall bubbles, while th© 
veffel containing the latter was kept continually Ihaking. I 
was not difappointed in my expe^flations, as, I think, this me* 
thod is really more accurate than the Abbe font ana's i and^ 
moreover, in the courfe of my experiments I had occalion to 
^bferve a circumftance which is neceffary to be attended to by 
'^thdfe who would examine the purity of air with e3cadl:nef8 by 
my kind of eudiometer, '^ befides fome others which tend very 

Pa 



ioS Mr. QAVE^mm^s Jccomtf of 

invich loej^plaiu mmy of the pheiipmena attending the mix^ 
ture of comniion and p.itrou$ air. 

Thq apparatus. I ufe is as follows. A (fig. i.) Is a cyh'n* 
cincal glafs veffelj with brafs caps at top and bottom; to the 
\ipper cap is fitted a brafs cock B ; the bottom cap is open, but 
is macle to fit clofe into the brafs focliet D^, and is fixed in It 
in the fame manner as a bayonet is on a naufquet. The focket 
IDd has a fniall hole E in its bottom/ and is faftened to the 
boatd of my tub by the bent braf3 F;/Gj, in fuch manner that 
4,. the top of the cock, is about half an inch under water; 
qonfequently If the veffel A is placed in its focket, with any 
quantity, of air in it,, and the cock ip theaopeued, the air will 
rnn oiit by the cock, but will da fo very flowly, as it can 
cfcape no fafter than, the water qan enter by the finaUhole E 
to fupply its place* 

Befidesthis.. vefifel, I have three giafs bottles like M* (fig. 2.) 
^ach- with a flat brafs cap at bottom to make it ftand fteady^ 
and a ring at top to fufpend it by, and alfo fome meafures of 
different fizes fuqh as B (fig. 3.) ; thefe are of glafs with a flat 
brafs cap at bottom and a wooden, handle. In ufing them they 
are filled with the air wanted to be m^afured, and then fot? 
upon the brafs knob Q fitted upon the board.of= my tub below 
the furface of the water, which drives- out f#me of the air^ 
and leaveS: only the proper qpantlty. This meafure is eafiei; 
made, and more expeditious: in ufing,. than the Abbe fon- 
TANA*s, and, 1 believje,: i^ eqiially accurate ; but if it was noti 
it would not fignify.^ as I: determine th^ e^d: quantity of aii; 
"ufed by weight* 

There are two different methods of proceeding which I have 
ufed; the firft is toadd the refpirable air flowly to the nitrous;; 
Ipd.theotherj toadd thenitrou^ air in.the larne manner to the 
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refpirable', THe firft is what I have commoulj ufed^ and 
which I Ih all firft defcribe. In this method a proper quantitj 
of nitrouS' air is put into one of the bottles M, by means of 
one of the meafures above defcrihed, and a proper quantity of 
refpirable is let jnto the veffel A, by firft fiiring it with this air? 
and then fetting it on the knob C, as was done by the mea* 
fure. The veffel A is then fixed in the focket, and the bottle 
M placed with itsn^outh over the cock. Then on. opening the 
cock, the air in the veffel A runs (lowly in fmall bubbles into 
the bottle M, which is kept {haking all the time by moving it 
backwards and forwards horizontally while the mouth ftill 
remains over tlie cock, . 

Notwithftaiidlng. the precautions ufed' by the, Abbe fon^ 
TANA ia meafuring the. quantity of air ufed, I have fometimes 
found that method liable to very confiderable errors, owing to 
more water ftickuig to the fides of the meafure and tube at 
one time than at another : for this reafon I determine the 
quantifies of air ufed" and the diminution,, by weighing the 
veffels containing it under water in this manner. From one 
end of a balance, placed fo as to hang over the tub of^ water 
is fufpended a forked wire, to each end of which fork is fixed a 
fi^ne copper wire ; and in trying the experiment the veffel A, 
with the refpirable arr in it, is firft'weighed, by lulpending it 
from one of thefe copper wiresy in fuch manner as to remain 
intirely under waten The bottle M, with the proper quantity 
of nitrous airin it, is then hung on in the fame manner to the 
other wire, and the weight of both together found. The air 
is then let out of the veffel A into the bottle M, and the 
weight of both veflels together found again, by which the 
diminution of bulk which they fuffer on .mixing is known; 
, the, bottle M Js taken off, and the veffel A wei^^hed 
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again by itfelf, which giFes the quantity of refpirable air ti fed* 
It is needlefs to determine the quantity of nitrous air by 
weight; becaufe, as the quantity ufed is always fufficient to 
produce the full diminution^ a fmall difference in the quantity 
makes no fenfible difference in the diminutioli *, In this man- 
ner of determining the quantities by weight, care fhould be 
taken to proportion the lengths of the copper wires in fucii 
manner that the furface of the water in A and M ihall be on 



* Mr, DE sAussusE alfo detenmines tJie quantitj of air which he iifes by 
weight ; but does it by weighing the vefleli containing it in air. This method It 
rliable to fome inaccuracy, as the air in the veflH is apt to be coinprelfed by put* 
ting in .the Hopper j thowgh, 1 believe, that, if care is taken to pufli In the 
Hopper Jlowly, the error ariiing from thence is but fmall. It is alfo lefs expedi-. 
tious than weighing them under water, as fome time is neccfTarily loft m 
%viping the wet off the velTels i but, on the other hand, it requires lefs apparatus^ 
which makes it fitter for a portable apparatus asMr, be sawssure's was. If any 
gentleman is delirous of adapting this method of determining the quantities to the 
.above defcribed manner of mixing the airs, nothing more is required than to 
have glafs floppers fitted to the velTel K and to the bottle M. 

It is needlefs to mention, that in both thefe methods no fenfible error can a rife 
from any difference in the ipecific gravity of the air; for the thing found by 
weighing the vefTel is the difference of weight of the included air and of an equal 
bulk of water, which, as no air is lefs than 500 times lighter than water, is very 
nearly .equal to the weight of a quantity of water, equal in bulk to the included 
air. 

It muft he obferved, that a common balance is not convenient for weighing the 
velTels of air under water, without fom*e addition to it; for the lower the veffei 
of air finks under the water, the more the air is coropi^efled, which maket the 
veflTel heavier, and thereby caufes that end of the beam to preponderate. This 
^makes it neceflary either to have the index placed below the beam, as in many 
afay balances; or by fome other means to remove the center of gravity of the 
ibeam fo much below the center of fulpenfion as to make the balance vibrate, not« 
..withflanding the tendency which the comprellbilify of the air in the velTels has to 
jievcpt it, 

the 
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tla fame le¥el whm both ha^e the ufual quantity of air m 
them, as other wile fome errors will arife from the air being 
more compreffed ia one than in the other. This precautloa 
indeed (Joes not in tirelj take away the error^ as the le\^el of the 
water in M is not the fame after the airs are mixed as it was 
before; but in veflels of the fame fee as mine, the error ariling 
from thence can never amount to the 500th part of the whole, 
which is not worth regarding; and indeed if it were muck 
greater, it would be of very little confeqiience, as 4 1 would be 
always the fame in trying the fame kind of mn 

There are feveral contrivances which I ufe, in order todimi- 
nifli the trouble of weighing the veflels; buti omit them, as 
the defcription would take up too much room. 

The vefiel A holds ^82 grains of water, and is- the quantity 
which I Ihall diftinguifli by the name of one meafure. I have 
three bottles for mixing the airs in, with a meafure B -for the 
mtrous air adapted to eaeh^ The firfl bottle holds three mea- 
Sires, and the correfponding meafure li; the fecond bottle 
holds ix, and the correfponding meafure 2| ; and the third 
bottle holds 1:1^ and the correfponding meafure 5, The fir ft 
bottle and meafure is u fed in trying common aiiti or air not 
better than that ; the two other in trying dephlc^ifticated .air»^ 
The quantity of i^efpif able air ufed, as was faid before, is 
always the fame, namely, one meafure; confequently, in 
trying common air I nfe il meafures of nltTOus air to one of 
common ; and in trying very pnre dephlogiflicated air I ufe five 
meafures o£ nitrous air to one of the dephlogifticated. I be- 
lieve there is no air fQmiich dephlogiflicated as to require a 
greater proportion of nitrous than that. The way by which I 
judge whether the quantity of nitrous air ufed is fufficient, is 
by th§ bulk... of the two.air.s.when:..m'ix,ed ; 'for if that is 'not 



ti z Mr. cavendish's Account qf 

lefs than one meafure, that Is, than the refpirable air alone^ It 
is a flgn that the quantity of nitrous air is fufficientj^ or that it 
is fufficient to produce the full diminution ^ unlefs it is very 
impure. 

Though the quantity of refpirable air tifed \¥ill be always 
nearly the fame, as being put in by meafure; yet it will com* 
monly be not exaftly fo, for which reafon the obferved dimi- 
nution will commonly require fome corre£tIon : for example^ 
fuppofe that the obferved diminution was 2,353 meafures, and 
that the quantity of refpirable air was found to be .9O5 of a 
meafure ; then the obferved diminution muft be increafed by 
^44.-^ of the whole or .035, in order to have the true dimi- 
nution, or that which would have been produced if the refpi- 
rable air ufed had been exaftly one meafure ; confequently, the 
true diminution is 2,388 

The method of weighing, defcribed in p. 109. is that which I 
life in trying air much different in purity from common air; 
but in trying common air, I ufe a fliorter method, namely, I 
do not weigh the veffel A at all, but only weigh the bottle M 
with the nitrous air in it ; then mix the girs, and again weigh 
;the fame bottle with the mixture in it, and find the increafe of 
weight. This, added to one meafure, is very nearly the true 
.diminution, whether the quantity of common air ufed was a 
little more or a little lefs than one meafure. The reafon of 
ttWs is, that as thie diminution produced on mixing common 
and nitrous air is only a little greater than the bulk of the com- 
mon air, the bulk of the mixture will be very nearly the fame, 
whether the bulk of the common air is a little greater or a little 
Ids than one meafure : for example, let us firft fuppofe, that 
the quantity of common air ufed is exaftly one meafure, and 
that the diminution of bulk on mixing is 1.08 of a meafure, 

then 



a new Audiometer. 1 1 j 

then muft the iiiGreafe of weight of the bottle M, on adding 
the common air, be .08 of a meafure. Let us now fuppofe, 
that the quantity of common air ufed is 1.02 of a meafure^ 
then will the diminution, on adding the common air, be 

1.08 X ^ — or 1. 10 1 6 of a meafure, and confequently the in- 

I.OO I J 

creafe of weight of the bottle M will be K1016-1.02 or 
.0816 of a meafure, which is very nearly the fame as if the 
common air ufed had been exadlly one meafure. 

In the fecond method of proceeding, or that in which the 
iiitrous air is added to the refpirable, I ufe always the fame 
bottle, namely, that which holds three meafures, and ufe al- 
ways one meafure of refpirable air ; and in trying common 
air ufe the fame veffel A as in the firft method; but for de- 
phlogifticated air I ufe one that holds 3I meafures. 

In trying the experiment I firft weigh the bottle M without 
any air in it, and then weigh it again with the refpirable air 
in it, which gives the quantity of refpirable air ufed. I next 
put the nitrous air into the vefiel A, and weigh that and the 
bottle M together, and then having mixed the airs, weigh them 
again, which gives the diminution. 

From what has been jufi: faid, it appears, that in this me- 
thod of proceeding I ufe a lefs quantity of nitrous air in trying 
the fame kind of refpirable air than in the former ; the reafon 
of which is, that the fame quantity of nitrous air goes further 
in phlogifticating a given quantity of refpirable air in this than 
in the former method, as will be (hewn Ru'ther on. 

In both thefe methods I exprefs the teft of the air by the 
diminution which they fufFer in mixing ; for example, if the 
diminution on mixing them is two meafures and V-oV-^> I call 
its teft 2.353, and f© on. 
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111 tEe firfl method of proceeding I found, tHat the diminti- 
tion v/as fcarce fenfiblj lefs when I ufed one meafure of oit.ous 
air than when I ufed a miieE greater qiiantitj; fo that one 
meafure is fiifficieiit to produce the full diminution. I chufe, 
however, to ufe if, for fear the nitrous air may be impure; 
^ths of a meafure of nitrous air produced about '^^ and |ths 
of a meafure about |ths of the full diminution. 

I found alfo, that there was no fenfiblb difference in the 
diminution whether the orifice by which the air pafied out of 
the veffel .A into the bottle M was only -^^Llh of an inch iti 
diameter^, or whether it was ^th of an inch ; that is, whetlier 
the air efcaped in fmaller or larger bubbles. The diminution 
was ratli€r lefs when tke bottle was Ihook gently than when 
briikly ; but the difference between fliaking it veiy gently audi 
as brifkly aS' I could" was not more than .yl-^dth of a meafure^ 
But if it was not ftiaken at all the diminution was remarkably 
lefs,- being at firfl only 59,; in about ^% indeed, it increafed to 
^93, and after being fhaken for about a minute it increafed to 
5^9 ; whereas, when the bottle was fhaken gently, the dimi- 
nution was 1,08 at firft mixing, and did not increafe fenfibly, 
after that time. The difference proceeding from the difference 
of time which the air. took up in paffing into the bottle was 
rather greater ;. namely, in fome trials, when it took up 80^^ 
in paffing, the diminution was ^4;^~dths greater than when it 
took up only 22''^, and about ^*^dths greater than when it took 
up 45^ ; in fome other trials, however, the difference was lefs* 
It appears, tlierefore, that the difference arifing from the dif- 
ference of time which the air takes up in paffing into the bottle 
is confiderable ;: but, as with the fame hole in the plate D^ it 
will take tip always nearly the fame time, and as it is ealy ad- 
jufting the fixe of the hole, fo as to make it take up nearly the 

time 
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time we defire, the error proceeding from thence Is but fmalL 
The time which it took up in pafling in my experiments was 
ufually about ^c^'^ 

The difference proceeding from the difFerence of fize of 
the bottle, and the nature of the water made ufe of is greater ; 
for when I ufe the fmall bottle which holds three meafureSj 
and fill it with diflilled waterj the ufual diminution in trying 
common air is i .08 ; whereas, if I fill the bottle with water from 
my tub, the diminution is ufually about .05 lefs. If I ufe the 
bottle which holds twelve meafures, filled with diftilled water, 
the diminution is about 1.15 ; and if I ufe the fame bottle^ 
filled with water from my tub, about 1.08. 

The reafon of this difference is, that water has a power of 
abforbing a fmall quantity of nitrous air; and the more de- 
phlogifticated the water is, the more of this air it can abforb. 
If the water is of fuch a nature alfo as to froth or form bub- 
bles on letting in the common air, the diminution is remarkably 
lefs than in other water. 

The following table contains the diminution produced in 
trying common air in the bottle containing three meafiires, with 
feveral different kinds of water, and alfo the diminution which 
the fame quantity of nitrous air fuffered by being only ihook 
in the fame bottle, without the addition of any common air, 
tried by flopping the mouth of the bottle with my finger, and 
fhaking it brilkly for one minute, and afterwards for one minute 
cnore* 
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DImJnution 'Diminution on (baking ni-j 



in trying 
common air. 



trous air for 



one minute 



i.ogg 

1. 049 
1.0^6 

r.062 



r.045 



I .1 18 
.083 

.090 

.090 



.052 



two minutes. 



,897 I .082 



• 122 
.088 
.098 

.099 
.056 
.085 



mtm 



■•» 



\ 



pi ill lied wat-ei^. 
Water from tub. 
Pump water. 
DiHilied water, in which a few dmps of liver, 
of fulphur were kept for a few days. 
r Diiliiied water impregnated with nitrous air,. 
J by keeping it with about f of its bulk of ni- 
] trous air for two days, and frequently fhaking: 
1 it. 

J Water fouled by oak flmvinga. N, B. M: 
\ froihedVery much. 



Ill general, the diminution was nearly as great with raia. 
water as diftilled watery but fometimes I have found rain 
water froth a good deal,, and then the diminution was not 
much greater than by the water fouled with oak fhavings. 

This dijfference in the diminution, according to the nature of 
the water,, is a very great inconvenience, and feems to be the 
chief caufe of uncertainty in trying the purity of air; but it is. 
by no means peculiar to this method, as I have found as great 
a difference in fon tana's method, according as I have filled, 
the tube with different waters'^. But it {hews plainly, how^ 
little all the experiments which have hitherto been made for. 
determining the variations/in the purity of the atmofphere can- 
be relied on, as I do not know that any one before has been, 
attentive to the nature of the water he has ufed,, and the dif- 
ference proceedhigfrom the difference of waters is much greater 
than any I have yet found in the purity of air. 

'* I do not find that it makes much; difference in fon tana's method whether 
the water is difpoied to froth or not ; but the advantage which it has in that: 
refped over this method is not of much confequence,, as it is eafy finding watei: 
which will not froth* 

The 
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The befl: way I know of obviating this inconvenience is to 

careful always to life the fame kind of water : that which I 
always ufe is diftilled, as being mofl: certain to be always alikCo 
I fliould have ufed rain v^ater, as being eafier procured, if it had 
not been that this water is fometimes apt to froth 5 which 1 have 
never known diftilled water do, 

A-S I found that the power with which the diffilled water I 
tafed abforbed nitrous air was greater at fome tinaes than others^ 
which muft neceffarily make an error in the obfervation, I was 
in hopes that, by obferving the quantity of nitrous air which 
the water abforbed in the fame manner as in the preceding ex- 
periment, together with the heat of the water, as that alfo 
feems to affedt the experiment, one might be able to corre£t 
the obfervcd teft, and thereby obviate the error which would 
otherwife arife from any little difference in the nature of the 
water employed. With this view I made the following expe- 
riment, 

I purged fome diftilled water of its air by boiling, and kept' 
one part of it for a week in a bottle along with fome dephlo^- 
gifticated air, and fhook it frequently ; the other part was- 
treated in the fame manner with phiogifticated air. At th§t^ 
end of this time I found, by a mean of three difFerent trials, 
that the teft of common air tried with the firft of thefe waters 
was 1.139, the diminution which nitrous air fufFered by being 
fhook 2^ in it in the ufiial manner was .285. The tefl: of the 
fame air tried with the laft of thefe waters was only 1.054, and 
the diminution of nitrous air only .090, the heat of the water 
in the tub and of the diflilled waters being 45"". I then raifed 
both the water of the tub and the diftilled waters to the heat 
of 6f^ and found that the teft of the fame air, tried' by the 
firft waterj^j was then i.ioo^ and by the latter 1.044 ; and that^ 

the 
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the diminution of nitrous air was .235 bj the firft water^ an3 
,089 bj the latter. 

It fliould feem from hence, as if the obferved teft ought to 
'be corrected by fubtrafting -^^^^ths of the diminution which ni- 
trous air fufters bj being (haken in the water, and adding .002 
for every 3° of heat above o, as the foregoing trials will agree 
very well together, if they are corrected by this rule, and bet- 
ter than if corrected by any different rule, as v/ill appear by 
the following table. 



I 



Heat. 



Former water 



Latter water 



45 
67 



{ 

{■45 



Diminution 

of nitrous 

air. 



67 J 



.285 
.090 

.089 



Obferved 

tell. 



1. 139 
1. 100 

1.054 
1.044 j 



Corre6lion for 
Diminu- 
tion, 



,114 

.094 



,036 
.036 



Heat. 



.030 
.045 

.030 

.045 



Corre6led 
teft. 



1. 05 1 

1 .048 
1-053 



Though in all probability this corre6lion will dhninifli the 
error proceeding from a difference in the nature of the diftilled 
water employed, yet I have reafon to think, that it will by no 
means entirely take it away ; for which reafon I do not in ge- 
neral make ufe of it. In almofl: all the trials, indeed, in 
which I have applied the corredion, it has come out very nearly 
the fame ; which feems to fhew, that there was no other dif- 
ference in the abforbing power of the diflilled water I em- 
ployed, than what proceeded from its difference of heat. The 
above experiment, however, fliews plainly, that diftilled water 
is capable of a very great difference in this refped independent 
of its heat. 

In the fecond method of proceeding, or that in which the 
TOtrous air is added to the refjpirable^ I found nearly the fame 

difference 



difference in the dimiimtioii, according %% the bottle was ihaken 
brificly or gently, as in the former method : I found alfo nearly 
the fame difle ence. Or perhaps rather le(s, according to the 
nature of the water employed, only it ieemed to be of not 
much confeqnence whether the water frothed or not ; bnt there 
feemed to be much lefs difference in the diminutioBj according 
to the time which the air took up in paffing into the bottle,- 
The ufuaf diminution on trying common air with different 
quantities of nitrous air, when diftilled water ^ was employed^., 
was as follows : 



Common air. 



u 



Nitrons air. 



.6 

J 

I-. 

i4. 



Diminution. 



•74 
.88 

.89 

.90 



Ft appears, therefore, that ^^-^-th sofa meafure of nitrous is- 
liifficient to produce very nearly the full diminution. I chufe^. 
however, always to ufe one meafure. It appears alfo, that the 
diminution is always much lefs' in this method than when the 
common air is added tQ the nitrous ; as in that method it was> 
before faid, that the ufual diminution was i.oS. The reafon 
of this is,, that when nitrous and common air are mixed toge- 
ther, the nitrous air is robbed of part of its phlogifton, and is 
thereby turned into phlogiiticated nitrous. acid, and is abforbed 
by the water in that jftate, and^ befides that, the common air is 
phlogifticated,.and thereby diminifhed : fo that the whole dimi- 
nution on mixing is equal to the bulk of nitrous air, which is 
turned into acid, added to the diminution which the common 
air f offers by being phlogifticated. Now it appears, that when^ 
a fmall quantity of nitrous air. comes in contact with a large 
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quantity of common air, it is more completely deprived of Its 
phlogifton, and is abforbed by the water in a more dephlogifti- 
cated ftate than when afmallqiVantity of common air comes la 
contaft with a large quantity of nitrous ; confequently, in the 
fecond method, where fmall portions of nitrous air come in 
contadl with a large quantity of common air, the nitrous air 
is more deprived of its .pblogifton, and therefore a lefs quantity 
of it is required to phlogifticate the common air than in the 
foil; method, where tfmail portions of common air come in con- 
-tail with a larg'e quantity of nitrous air; fo that a lefs quan- 
tity of the nitrous air is abforbed in the fecond method than iu 
fthe firfl. As to the common air, as it is completely phloglftl- 
cated in both methods, it moft likely fufFers an equal diminu- 
tion in both. 

A clear proof that a lefs quantity of nitrous is required to 
phlogifticate a given quantity of common air in the fecond 
method than in the firft, is, that if common air is mixed with 
a quantity of nitrous air not fufficient to completely philogifti- 
Cate it, the mixture will be more phlogifticated if the nitrous 
air is added llowly to the common, as in the fecond method, 
than if the common air is added to the nitrous ; and if the ni- 
trous air is added Eowly to the common, without being in con- 
tact with water, the mixture will be found to be ftiil mons 
phlogifticated than in the fecond method, where the two airs 
are in contaft with water at the time of mixing. 

The following table contains the refult of the experiments I 
liave made on this fubje^t. 
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i^i 



Firfl: method* 



« * "" r' 
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Nitrous 
air. 

.716 
•474 



Bulk of 
mixture 



.856 



Teil. 



.244 
•513 



Second method, 






Nitrous 
air. 

•^35 

.430 

.280 



Bulk of 1 
mixture 



.849 
.867 

•930 



Teft. 



137 
52 



Nitrous air added' flowly 
to common without being 
in contact with water. 



Nitrous 



an*. 






294 



•599 



Bulk of 
mixture 



.836 



Teft. 



■337 



The two-firfti fets of experimeats were uot tried with the 

apparatus above defcribed, as that held too fmall a quantitj, 

but with another upon the fame principle. The laft fet was 

tried by the apparatus reprefented in fig, 4» where A is a bottle 

containing nitrous air, inverted into the tub of water DE ; B 

is a bottle with a bent glafs tube C fitted to its mouth. This 

bottle is filled with common air, without any w^ater, and is 

firft flightly warmed by the hand ; the end of the glafs tube is 

then put into the bottle of nitrous air, as in the figure; confe- 

quently, as the bottle B cools, a little nitrous air runs into it, 

which, by the common air in it, is deprived of its elafticity, 

{o that more nitrous air runs in to fupply its place. By this 

means the nitrous air is added flowly to the common without 

coming in contact with water, till the whole of the nitrous air 

has run out of the bottle A into B ; then, indeed, the water 

runs through the glafs tube into B, to fupply the vacancy formed 

by the diminution of the conamon air. 

It appears from the foregoing table, that a quantity of ni- 
trous air, ufed in the firft method, does not phlogifticate com- 
mon air more than three- fourths of that quantity ufed in the 
fecond way does, and not fo much as half that quantity ufed 
in the third way: fo that we may fafely conclude, that it is 
this circumftance of the nitrous air going further in phlogifti- 
Vol, LXXIII. R eating 
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eating eommon air in forae circumftances than others, whicli 
is the caufe that the diminution in trying the purity of air by 
the nitrous teft is fo much greater in fome methods of mixing 
them than in others. 

From what was faid in p. 119, it fliould feem as if the fe- 
cond method was more exa£t than the firft, as the error pro- 
ceeding from the air employing more or lefs time in paffing 
into the bottle was found to be lefs, and that proceeduig from a 
difference in the water, and from the bottle being fhaken more 
or lefs ftrongly was not greater. I, however, have found, that 
the trials of the fame air on the fame day have commonly dif- 
fered more when made in this manner than in the firft; for 
which reafon, and becaufe in trying common air the firft me- 
thod takes up the leaft time^ I have commonly ufed that. 

It fhould be obferved, that in trying dephlogifticated air by 
the firft method it is convenient to ufe different bottles, accord- 
ing to the different purity of the air ; and the fame air wilt 
appear purer, if tried by a larger bottle than by a fmaller. For 
example, if its teft, tried by the large bottle, comes out 2.54, 
it will appear not more than 2.44^ if tried by the middle bot- 
tle ; and, in like manner, if its teft by the middle bottle comes 
out 1. 1 1, it will appear to be about 1.08, if tried by the leaft 
bottle; for this reafon it is right always to fet down which 
bottle it is tried by. 

I think I may confidently affert, that either of the above 
methods are confiderably more accurate than font ana's, fup- 
pofing the experiment to be made exactly in his manner, that 
is, determining the quantities by meafure. But, in order to 
judge which method of mixing the airs is moft exa(il, it was ne- 
ceflary to determine the quantities in his method alfo by weight, 
as otherwife it would be uncertain whether my method of 

mixing 
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mixing the airs is really better than his, or whether the appa- 
rent greater exadnefs proceeds only from the fuperiority of 
weighing above meafuring : for this reafbn I made fome expe- 
riments in which common and nitrous air were mixed in his 
manner, except that I ufed only one meafure of each, as Dr, 
INGEN-Housz did, and that the nitrous air was put up firft, 
the true diminution being determined by weight, by firft weigh- 
ing the tube under water with the nitrous air in it, and 
then adding the common air, and weighing the tube agaiii 
under water. It was unneceeflary, for the reafons given iu 
p. 1 10. and 1 12. to determine the quantity of either the ni- 
trous or common air by weight. My reafon for this variation 
was, that it afforded a much eafier method of determining the 
quantities by weight, was lefs trouble, and, I believe, muft be 
atleaft as exa£l : for I have always found, that the experiments 
made with the Abbe FONT ana's apparatus, in which I ufed 
only one meafure of each air, agreed better together than thofe 
in which I ufed two of common, and added the nitrous air by 
one at a time ; and 1 imagine it can be of no fignification whe- 
ther the nitrous or common air is put in firft, as I cannot per- 
ceive the diminution to be fenfibly greater in one of thofe ways 
^than the <5ther*. 



^* It is not extraordinary, that in this method the diminution is jufl: the fame 
whether the common or nitrous air is put up firft, notwithftanding that in mine 
it is very different; iince in this method the two airs mix in the fame manner 
whichever is put up firft: whereas in mine, the manner in which they mix 
is very different in thofe two cafes ; as in one, fmall portions of common air 
come in contact: with large portions of the nitrous ; and in the other, fmall por- 
tions of nitrous air come in conta6l with large portions of common air. 

R 2 
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From the refiilt of thefe experiments I am perfuaded, that 
nly method of mixing the airs is really rather more accurate 
than fontana's, as in trying the fame bottle of air fix or 
feven times in my method the different trials would not often 
differ more than .^-4^dth part, and very feldom more than 
^^*--^dth ; whereas in his there would commonly be a difference 
of ^^-^dth, and frequently near twice that quantity, though I 
endeavoured to be as regular as I could in my manner of trying 
the experiment. My method alfo certainly requires lefs dex* 
terity in the operator than his. 

It is of much importance towards forming a right judgement 
of the degree of accuracy to be expected in the nitrous teft, to 
know how much it is afi^efted by a difference in the nitrous air 
employed. Now it muff be obferved, that nitrous air may 
differ in two refpefls; firft, it may vary in purity, that is, 
in being more or lefs mixed with phlogifticated or other air ; 
and, fecondly, it is poffible, that out of two parcels equally 
pure one may contain more phlogifton than the other. If it 
differs in the fecond refpeft, it will evidently caufe an error in 
the teft, in whatever proportion it is mixed with the reipirable 
air ; but if it differs only in the firfl: refpe£t, it will hardly 
caufe any fenffble error, unlefs it is more than ufually impure, 
provided care is taken to ufe fuch a quantity as is fufficient to 
produce the full diminution. This has been obferved by the 
Abbe FONTANA, and agrees with my own experiments ; for 
the teft of common air tried in my ufual method, with fome 
nitrous air which had been debafed by the mixture of common 
air, came out only i8 thoufandths lefs than when tried with 
air of the beff: quality, though this air was fo much debafed 
that the diminution, on mixing two parts of this w^ith five of 
common^ wa^ one-jGxth part lefs than when good nitrous air 



was 
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was employed; which (hews, that the error proceeding from 
the difFerence of purity of the nitrous air is much lefs when it 
is ufed in the full quantity than in a fmaller proportion; and 
alfo fhews, that if it is ufed in the full quantity it can hardly 
caufe any fenfible error, unlefs it is more impure than ufual. 
One does not eaiily fee, indeed, why it (hould caufe any error ; 
for no reafon appears why the mixture of phlogifticated or 
other air, not abforbable by water, and not affe<3:ed by refpi- 
table air, fliould prevent the nitrous air from diminifhing and 
being diminifhed by the refpirable air in juft the fame manner 
that it would otherwife he» It muft be obferved, however, 
that if the nitrous air is mixed with fixed air, it will caufe an 
error, as part of the fixed air will be abforbed, by the water 
while the tefl is trying ; for which reafon care fhould be taken 
that the nitrous air (hould not be much mixed with this fub- 
fiance, which it will hardly be, unlefs either the metal it is 
procured from is covered with ruft ; or unlefs the water in 
which it is received contains much calcareous earth fufpended 
by fixed air, as in that cafe, if any of the nitrous acid comes 
over with the air, it will diflfolve the calcareous earth, and 
feparate fome fixed air. 

In order to fee whether it is poflible for nitrous air to differ 
in the fecond refpe<3:, I procured fome from quickfilver, cop?- 
per, brafs, and iron, and obferved the teft of the fame parcel 
of common air with them, on the fame day, making four trials 
with each, when the difference between the tefts tried with the 
three firft kinds of air was not greater than might proceed 
from the error of the experiment ; but thofe tried with the air 
from iron were ^^l-o^^'^^ greater than the reft. I then took 
the teft of fome more common air with them in the fame man- 
ner, only ufing four parts of common to one of nitrous air. 
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when the tefts tried with the air from iron came out fmaller 
than the reft by not lefs than -^VoVths. It fhould feem, there- 
fore, from thefe experiments, that the nitrous air procured 
from iron, befides being much more impure than the others^ 
differs from them alfo in the fecond relpeQ: ; that is, that the 
pure nitrous air in it contains rather lefs phlogifton than that 
in the others : whence it happens, that a greater quantity is 
iieceffary to phlogifticate a given portion of common air, and 
confequently that the diminution is greater when a fufficient 
quantity of it is ufed, though with a lefs proportion the dimi- 
nution is much lefs than with other nitrous air, on account of 
its greater impurity. As for the air procured from the three 
other fubftances, I cannot be fure that there is any difference 
between them. The nitrous air I always ufe is made from 
copper, as it is procured with lefs trouble than from quick- 
filver, and I have no reafon to think it more likely to vary in 
its quaHty. 

During the laft half of the year 1781, I tried the air of 
near 60 different days, in order to find whether it was fenfibly 
more phlogifticated at one time than another; but found no 
difference that I could be fure of, though the wind and wea- 
ther on thofe days were very various ; fome of them being 
very fair and clear, others very wet, and others very foggy. 

My way was to fill bottles with glafs ftoppers every now and 
then with air from without doors, and preferve them flopped 
and inverted into water, till I had got (ovtn or eight, and then 
take their teft ; and whenever I obferved their teft, I filled two 
bottles, one of which was tried that day, and the other was kept 
till the next time of trying, in order to fee how nearly the teft of 
the fame air, tried on different days, would agree. The expe- 
iriment was always made with diftilled water^ and care was 

7 always 
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always taken to obferve the diminution which nitrous air fuf^ 
fered by hieing fhaken in the water, as mentioned in p. 11^^ 
The heat of the water in the tub alfo was commonly let down. 
Mod of the bottles were tried only in the firft method ; but 
fbme of them> were alio tried by the fecond, and' by the method: 
juft defcribed in the manner of font an a. 

The refult was, that the teft of the different bottles tried on s 

the famp day never differed more than .013, and in general not 

more than half that quantity. The teft, indeed, of thofe 

tried on different days differed rather more ; for taking a meaa- 

between the tefts of the bottles tried on the fame day, there 

were two of thofe means which differed .025 from each other ; 

but, except thofe two, there were none which differed more 

than .01 3, Though this difference is but fmall, yet as each of 

thefe means is the mean of feven or eight trials,, it is greater 

than can be expelled to proceed from the ufual errors of the 

experiment. This difference alfo is not much diminiflied by 

correfting the obfervations on account of the heat and abforb- 

ing power of the water, according to the rule in p. 118. This 

nlight incline one to think, that the parcels of air examined 

on fome of thofe days of trial were really more dephlogifti- 

cated than the reft; but yet, I believe, that they were not : 

for whenever there was any confiderable difference betweeE the 

means of two fucceflive days of trial, there was nearly the 

fame difference between the tefts of the two bottles of the 

very fame air tried on thofe two days. For example, the 

mean of the trials on July y. was .016 lefs than that of thofe 

on the 15th of the fame month ; but then the teft of the air 

caught and tried on the 7th was equally lefs than that of the 

air of the fame day tried on the 15th ; which fhews, tliat this 

difference between the means of thofe two days was not owing 
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to the parcels of air tried on the former day being really more 
dephlogifticated thdii thofe ^trled on the latter, but only to 
fbme 110 perceived dilTereoce in the manner of trying the expe- 
riment ; or elle to fome unknown difference in the nature of 
the water or nitrous air employed. A circumflance which 
feems to fliew that it was owing to the firH of thefe two caufes 
is, that it frequently happened, that on thoie days in which 
the tefts taken in the firft method came out greater than ufual, 
thofe taken in font a na^s manner, or in the fecond method, 
did not do fo ; the trials, however, made in thefe two methods 
were too few to determine any thing with certainty. On the 
whole there is great reafon to think, that the air was in reality 
not fenlibly more dephlogifticated on any one of the fixty days 
on which I tried it than the reft. 

The higheft teft I ever obferved was i.ioo, the loweft i.o68| 
the mean 1.082. 

I would by all means recommend it to thofe who defire to 
compare the air of different places and fealbns, to fill bottles 
with the air of thofe places, and to try them, at the fame time 
and place, tather than to try them at the time they were filled, 
as all the errors to which this experiment is liable, as well 
thole which proceed from fmall differences in the mariner of 
trying the experiment, as thofe which proceed from a difference 
in the nature of the water and nitrous air, will commonly be 
much lefs when the dif^rent parcels of air are tried at the 
fame time and place than at different ones ; provided only, that 
air can be ke|rt in this manner a fufficient time without being 
injured, which I believe it may, if the bottles are pretty large, 
and care is taken that they, as well as the water ufed in filling 
them with air, are perfectly clean. I have tried air kept in the 
mbovementioned manner for upwards of three-quarters of a 

year 
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year in bottles holding about a pint, which ! have no reafon to 
think was at all injured; but then I have tried fome kept not 
more than one-third part of that time which feemed to have 
been a little impaired, though I do not koow what it could be 
owing to, unlefs it was that the bottles were fmaller, namely, 
holding lefs than one-fourth of a pint, and that in all of them^ 
except two, which were fmaller than the reft, the ftopper which, 
however, fitted in very tight, was tied down by a piece af 
bladder. 

I made fome experiments aifo to try whether the air was fen- 
Hbly more dephlogifticated at one time of the day than another, 
but could not find any difference. I alfo made feveral trials with 
a view to examine whether there was any difference between the 
air of London and the countiy, by filling bottles with air on the 
fame day, and nearly at the fame hour, at Marlborough-ftreet 
and at Kenfington. The refult was, that fometimes the air of 
London appeared rather the pureft, axid fometimes that of Ken- 
fington 5 but , the difference was nevermore than might pro- 
ceed from the error of the experiment ; and by taking a mean 
of all, there did not appear to be any difference between them. 
The number of days compared was 20, and a great part of them 
taken in winter, when there are a greater number of fires, and on 
'days when there was very little wind to blow away the fmdke. 

It is very much to be wifhed, that thofe gentlemen who 
make experiments on faftitious airs, and have occafion to afcer* 
tain their purity by the nitrous teft, would reduce their obfer* 
vations to one common fcale, as the different inftruaients em- 
ployed for that purpofe differ fo much, that at prefent it is 
alinoft impoilibJe to compare the obfervations of one perfon 
with thofe of another. This may be done, as themfeems to 
be fo very little difference in the purity of common air at dif- 

¥oL. LXXIIL S ferenf 
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feretit times and places, hf affiittiitig €oliicfii<)ii iir and perfcBrly 
phlogifticated air as fixed points. Thus, if the teft of any air 
is found to be the fame as that of a mixture of ec|ual parts of 
conrimon and phlogillicated air, I woiild fay^ that it Was half 
as good as common air ; or, for fhortnefs, I Woitld fay, that its 
ftandardwasf : and, in general, if its teft was the fame as that 
of a mixture of one part of common air and x of phlogifticated 

air, I would fay, that its ftandard was— -. In like manner, if 

one part of this air would bear being mixed with x of phlo- 
gifticated air, in order to make its teft the fame as that of 
common air, I would fay, that it was i +^ times as good as 
common air, or that its ftandard was i 4-^^; conlequently, if 
common air, as Mr. seHEEi^E and la voisier fuppofe, con^f 
fifts of a mixture of dephlc^ifticated and phlogifticated air, thb 
ftandard of any air is In proportion to the quantity of pure dd* 
phlogifticated air in it. In order to find what teft on the 
Eudiometer aBfwers to different ftandards below that of com- 
mon air, all which is wanted is to mix common and perfeftly 
phlogifticated air in different proportions, and to take the teft of 
thofe mixtures ; but in ftandards above that of common air, it 
is neceflary to procure fome good dephlogifticated air, and to 
ind its ftandard by trying what proportion of phlogifticated 
air it muft be mixed with,, in order to have the fame teft as 
(Common air, and then to mix this dephlogiftitated- air with 
different proportions of phlogifticated air, and find the teft of 
thofe mixtures *• 

* THe rafe for compiitingrthe lliindtM o any mixture of cfephlogiflicated and 
phlogifticated air is as follQm's. Syppofe that the teft of a mixture of D parts of 
dephlogifticated air with P of phlogiftieatcd aic.is tl)ie. fame as that of common 

air^. 
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On this prinGiple I fb\jad the ftandard aiifwering to different 
t^fts on both my Eudiometers, and alio on font ana's, to be 
z% follows : 



Stan- 
dard. 



4.8 
3,61 ' 

1 .00 \ 

•75 
•5 

.25 

.0 



Tefl by firft method. 



5.02 

3-72 - -' 
2.55 by large bottle 1 
2.45 by middle bottle J 
1, 1 1 by middle bottle 1 
1.08 by leafl bottle J 
.81 •" •-» 

•57 - -- 

.07 •- r- 



Teft by 

fecond 

method 



3.62 
2.70 

1.87 

.89 

.69 
•51 

.08 



Teft by fontana abridged. 

Total 
diminii. 



•73 

•75- 

.76 

1,00 

1.23 

1.45 
1.66 
1.94 I 



•44 
•49 

.96 



•13 

i.oo 



X, 



1.02 



3-98 

3- 
2.08 



1. 00 



•77 
•55 

•34 
.06 









Teft by F0NTANA*s method. 
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The phlogifticated air nfed in thefe experiments was procured 
by means of liver of fulphur. 



air, then is the ftandard of the dephlogifticated air 
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this dephlogifticated air be mixed with ^ parts of phlogifticated air, the ftandard 
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The trials, called fontana abridged, were made in the 
Abbe FONT ana's- manner, except that only one. meafure of re- 
fpirable air was ufed, the nitrous air being added by one mea- 
fure at a time as ufual. The column marked i at top is the 
bulk of the mixture after ©nemeafurei of nitrous air was added ; 
that marked 2, its^ bulk after two meafures were added, and 
foon* 

It mufl: be obferved, that in thefe experiments a confiderable 
diminution took place in taking the teft of the unmixed phlo- 
gidicated air, or that whofe ftandard is marked o in the table j 
but,, notwithftauding this, the air, as far as I could perceive, 
was perfe6tly phlogifticated, the diminution being caufed merely 
by the abforbtion of the nittoxis air by the water. What fhews 
this to be the caie is, that if common^^ and^ nitrous air: are mixed 
in fuch proportions as that the nitrous lliould be predominant, 
fo as to be coniiderably diminifhed by the mixture of common 
air,, this mixture will produce as great a diminution with ni- 
trous air as the phlogifticated air ufed in. thefe experiments ; 
and if plain nitrous air is- added to nitrqus air,, the diminution 
is ftill greater. This fhews, that a confiderable diminution is 
produced by mixing perfeftly phlogifticated air with nitrous air^ 
and alfo that air may ' be. perfeftly phlogifticated by liver of 
fulphur. 

Thefe experiments alfo fhew the neceffity of ufing fuch a 
quantity of nitrous air as is fufficient to produce the full dimi- 
nution, in orderto form a proper eftimate of the goodnefs of 
air ; for if the quantity of nitrous air is much lefs than that, 
the air you try will appear very little better than air of a mUch 
inferior quality. For example, if in taking the teft of very 
good;dephlogifticated air^ only an equal bulfc of nitrous, air is 

ufed. 
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mfed, it will appear very little better than a mixture of equal 
parts of this and phlogifticated air;, and if twice that quantity 
of nitrous air is ufed, it will appear very little better than a 
mixture of three parts oF this air with one of phlogifticated.. 
Another great advantage of ufing the full quantity of nitrous 
air is, that thereby the error ariling,fi*om any difference in its 
purity is very much diminiffied. 

F'erfeftly phlogifticated^ air may be conveniently procured by- 
putting fome folutibn of liver of fulphur into a bottle of airr 
well flopped, and fhakihg it frequently till the air is no longer 
diminifhed, which, unlefs it is fhaken very frequently, will 
take up fbme days. Care muft be taken, however, tOv 
loofen the ftopper now and' then, fb as to let in air to fupply 
the place of the diminiflied air. In order to know when the 
air is as much diminiflied as it can be, the beft way is, wheii: 
the air is fuppofed' to be nearly phlogifticated, to place the bottle 
with its mouth under water, ftill keeping it flopped, and to 
loofen the flbppernow and then,, while underwater, fo as to 
let in water to fupply the pliace of the dimihiftied air, by 
which means the alteration of weight of the bottle fliews whe* 
ther the air is diminiflled or not. If the folution of liver of 
fulphur is made by boiling together fixed' alkali, lime, and 
flowers of fulphur, which is the moft convenient way of ' pro- 
curing it, the air phlogifticated by it will be perfeilly free from: 
fixed air : whether it- will be foif the. liver; of fulphur is made 
without lim^, I am not fore. 

A fUll more convenient way, however, of procurihg phlo-- 
gifticated air is by a mixture of iron filings andfulphur ; and^. 
as far as I can perceive, the air procured this way is as com- 
pletely phlogifticated; as that prepared- by liver of fulphur. 
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Where the impurities mixed with the air have anj confidert- 
ble fmell, our fenfe of fmelling may be able to difcover them, 
though the quantity is vaftly too fmall to phlogifticate the air 
In fuch a degree as to be perceived by the nitrous teft, even 
though thofe impurities impart their phlogifton to the air very 
freely. For inftance, the great and inftantaneous power of 
nitrous air in phlogifticating common air is well kiiown ; and 
yet ten ounce meafures of nitrous air^ mixed with the air of a 
room upwards of twelve feet each way, is fufBcient to commu- 
nicate a ftrong fmell to it, though its efFe6l in phlogifticating 
the air muftbe utterly infenfible to the nicefl: Eudiometer; for 
that quantity of nitrous air is not more than the 140000th part 
of the air of the room, and therefore can hardly alter its teft 
by more than -^^J!^-^^ or ^^^-^-^th pa^^^^ Liver of fulphur alfo 
phlogifticates the an* very freely, and yet the air 6i a room 
ivili acquire a very ftrong fmell from a quantity of it vaftly 
too finall to phlogifticate it in any fenfible degree. In like 
manner it is certain, that putrifying animal and vegetable fub- 
flances, paint mixed with oil, and flowers, have a great tendency 
to phlogifticate the air ; and yet it has been found, that the 
air of an houfe of office, of a frefh painted room, and of a 
room in whitrh fuch a number of flowers were kept as to be 
very difagreeable to many perfons, was not fenlibly more phlo- 
gifticated than common air. There is no reafon to fuppofc 
from thefe inftances, either that thefe fubftances have not 
much tendency to phlogifticate the air, or that nitrous air is 
not a true teft of its phlogiftication, as both thefe points have 
been fufficiently proved by experiment; it only Ihews, that 
*our fenfe of fmelling can, in many cafes, perceive infinitely 
dTmaller alterations in the purity of the air than can be per- 
3 ceived 
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ceived by tHe nitrous teft, and that in mofl: rooms the air is fo 
fi-equently changed, that a confiddrabM quantity of phlogifti- 
oatijtig materials may be kept iiya tbpna without fenfibJy ija4pai|> 
ing the air. But it muft be- obfbrved, that th^ ititrous left 
Ihews the degree of phlogiflication of dr, and that onfy ; 
whereas our fenfe af fmeUing cannot be conlidered as any teft 
of its phlogiftrcation,, as there are many ways of phlogifti- 
cating air without irxiparting much imseli to it ; and, I believe^ 
there ^re many ftrong fmelling fubftances which do not fenfibly^ 
phlogitoate it^ 




